When our experience of infants with hypernatraemic dehydration was reported 6 years ago from this hospital, the comment was made that, 'the follow-up period was, for many patients, too short to permit any evaluation of ultimate neurological status' (Macaulay and Blackhall, 1961) . As far as we are aware no long-term studies of such patients have yet been published. This paper is a record of our attempts to discover the eventual neurological status of infants who had suffered from illnesses in which hypernatraemia had developed. The study was prospective, in that we started by identifying all patients recorded to have serum sodium levels of 150 mEq/l. or above (the criterion used in our previous investigation) and then tried to trace them.
Material and Methods
Between October 1, 1957 and August 31, 1964 serum electrolytes were measured in 695 patients. While there is no established rule in the hospital, it can be taken that the principal reasons for asking for this investigation were to guide therapy in patients who required parenteral fluids and to assist in the diagnosis of obscure illnesses. In many patients repeated estimations were made and the figure of 695 does not reflect the actual load placed on the laboratory. Of the 695 patients, 122 were hypematraemic, the serum sodium concentrations ranging from 150 to 235 mEq/l. The illnesses for which these 122 children were admitted were diverse: 47 were suffering from diarrhoeal diseases; 13 had pneumonia; in 27 more than one disorder was present, e.g. a sickle-cell crisis in an infant with pneumonia; in the remaining 35 the diagnoses ranged widely-from meningitis to appendix abscess. The age range was from 1 day to 21 years.
The follow-up investigation was carried out in 1965-66 and occupied the greater part of one year. The minimum interval from the original admission to followup examination was 1 years; the longest was more than 8 years. Intensive efforts were made to obtain information about every patient in the series. If contact could not be established by letter or personal visits to the lastknown address, attempts were made to find the families by inquiries addressed to family doctors, medical officers of health, health service executive councils, education authorities, the medical records departments of the armed forces, the Registrar General, etc. Some Received December 19, 1966. patients whose families had moved around the country were traced after months of detective work. In spite of these efforts we were unable to get information about 6 of the children. Two were the offspring of immigrant parents who, we think, had returned to their native countries. One family was eventually traced but persistently refused to co-operate. In 3 cases the families had moved several years ago without leaving forwarding addresses and all attempts to discover their whereabouts failed.
Twenty-seven children had died-some as the result of the original illness, others from unrelated diseases long after the initial admission. Reports of necropsies were available for 24 of the 27; in one other we were unable to obtain the necropsy report: however, in this case detailed neurological investigation had been carried out, and the state of the nervous system was well documented; in 2 cases the parents had refused permission for necropsy.
Of the 89 known survivors, 14 were excluded from the main part of the survey because of neurological disorders known to have been present before the hypernatraemic episode. The diagnoses are listed in Table I .
Of the 75 children with whom we established contact, 62 attended for examination. Information about the 13 who could not attend-in almost all cases because of distance-was obtained from a number of sources. 4 of them had been placed for adoption by responsible agencies; it was not considered justifiable to approach the adopting parents directly for fear of alarming them but the adoption societies reported that they were normal healthy children; all 4 were over the age of 5 years when inquiries were made. Five of the inaccessible children were known to school medical officers and teachers who provided information about themincluding the results of intelligence tests in 3 cases. For the other 4 we got reports from doctors-paediatricians and general practitioners-who knew them. We consider that we have reliable information concerning all but 8 of the 122 children we tried to trace -the exceptions being the 2 fatal cases with no necropsy and the 6 untraced or uncooperative families. As there were also 14 children with pre-existing nervous disease we are left with 100 in whom an assessment of the effect of hypernatraemia can be attempted.
A full clinical examination was carried out, special attention being paid to the nervous system, and the results were recorded on a detailed form prepared for the purpose. Particular note was made of the history after the original illness, especially with regard to developmental progress, behaviour, and progress in school. Dead-no brain damage. Post-mortem reports available for all. The causes of death were: pneumonia (3), malignant disease (2), heart disease (2), renal disease (2), cystic fibrosis, atelectasis, and renal and hepatic abnormalities of unknown origin (1 of each). 8 of the deaths occurred as the result of the original illness; the other 4 took place from 2 months to 11 years later. Although the pathologists' reports stated specifically that the brains were normal, this is, of course, no guarantee that, had the patients survived, they would have developed normally. However, the findings in the cases with brain damage were so unequivocal that we do not hestitate to accept 'no brain damage' as a valid category.
Dead-insignificant cerebral changes. These 2 patients died of bronchopneumonia and, as part of a general state of congestion of the internal organs, congestion of the brain was noted.
Dead-brain damage not attributable to hypernatraemia. One of these 3 children had septicaemia with purulent meningitis. Another had been seen as an out-patient one week before admission and was then thought to have an unusually large head; necropsy revealed hydrocephalus. The third child died suddenly at home 3 months after Affected. The data for the 7 children in this group are summarized in Table III . The information we have about the 'probably affected' child is also shown.
In these cases particular inquiries were made about the pregnancy, delivery, neonatal period, and subsequent development; in all of them, as far as we could ascertain, the child had seemed quite normal before the hypernatraemic episode. Admittedly some of them were too young at the time of the iUness to permit accurate assessment of their mental capabilities. This is a difficulty that would arise whatever the disorder being investigated, and there is no obvious way to overcome it. All we can say is that these apparently healthy infants became hypernatraemic at the ages shown and, after the intervals noted, had the disabilities listed. In the cases of the child with spastic tetraplegia and the girl with a twin sister as 'control' we believe the evidence is strongly in favour of the view that hypernatraemia caused their abnormalities. There seems to be no good reason for rejecting the hypothesis in the other cases.
Dead-brain damage attributable to hypernatraemia. The pathological findings in these cases are summarized in Table IV Factors concerned in development of brain damage. We have examined our data to try to find factors in the original illness, which might be of aetiological or prognostic significance. Among the items examined were the patient's age and sex, the nature of the illness, the degree of the hypernatraemia, and the severity of early neurological disturbances. The only one that appears to be significant is the last.
To facilitate analysis numerical values have been given to the recorded neurological abnormalities, in the following manner.
0: no record of any neurological symptoms or signs.
1: the presence of muscular rigidity or severe hypotonia or a convulsiorn or impaired consciousness.
2: a record of any two of the above signs or one of them plus a lumbar puncture (which would indicate concern about the neurological state greater than might be deduced from the recorded signs). 3: all three of the above signs present or two of them plus a lumbar puncture. These have been our main criteria in the assessment of a patient's condition but we have also had regard to the description of the child's state if it could not be accommodated in these categories, e.g. frequent tremors not amounting to convulsions were recorded in some patients and have been taken to be a significant sign. There is no doubt that all patients given a score of 3 had clear evidence of considerable cerebral disturbance, while those rated 0 had no appreciable neurological upset The intermediate grades are less easy to evaluate, but we have done our best to give an objective assessment of the evidence available. As noted above, we have excluded all patients with a history of antecedent nervous disease from this part of the analysis, and we have considered only symptoms and signs occurring within 3 days of the discovery of the hypernatraemia. In short, we are attempting to evaluate disturbances closely related in time to the hypernatraemic state. Table VI shows the distribution of the 'affected' survivors and of the deaths attributable to hypernatraemic brain damage, according to the severity of the early neurological derangement. There is a clear gradient from 'no cerebral symptoms, very small risk of permanent brain damage' to 'severe cerebral symptoms, high risk of permanent injury'. If an infant passes through an illness in which hypernatraemia is found, without showing any sign of cerebral disturbance, his chances of complete recovery are excellent. If he develops generalized muscular rigidity or marked hypotonia, with convulsions and impairment of consciousness, the chances of complete recovery, as far as the brain is concerned, are, according to our data, less than 50 Contrary to our expectations the actual serum sodium concentration did not appear to be of prognostic significance. Of the 73 patients in whom the levels lay between 150 and 159 mEq/l., 10 sustained brain damage, while of the 27 in whom the concentration of sodium in the serum was 160 mEq/1. or higher, 6 were affected; p > 0 3. As shown in Table VI , the types of disease associated with hypernatraemia did not differ in the patients who suffered brain damage from those in the series as a whole. Neither the age at the time of the original illness, nor the age at follow-up affected the results significantly. We thought we might find more affected children in the over 5-year group than among the under-5 group, because of the greater ease of examining and testing the former and the availability of school reports. However, the proportions of affected individuals in the two groups did not differ significantly; 2 of the 30 under-S's examined by us were affected and 5 of the 32 over-5's. With such small numbers the difference could easily be due to chance (p = 0 5).
Cerebral pathology in hypernatraemia. In their review of the pathology in hypernatraemic patients, Cooke and Ottenheimer (1960) say, 'The characteristic finding is that of a severe haemorrhagic encephalopathy'. Our data on the fatal cases (Table IV) Finberg, Luttrell, and Redd (1957, 1959) , and by reports of the pathological findings in accidental salt poisoning in infants (Finberg, Kiley, and Luttrell, 1963) .
Not all hypernatraemic children who show conspicuous neurological signs suffer from haemorrhagic encephalopathy (Harrison and Finberg, 1964) , and, in many, these disturbances may be the result of osmotic disequilibrium which may be entirely reversible. Some such explanation seems necessary to account for the 45% of infants with severe early symptoms who made complete recoveries (Table VII) . Transient electroencephalographic abnormalities during hypernatraemia (Friis- Table VII indicate that nearly 90% of the children who sustained brain damage showed signs of this injury within a short time of the detection of the hypernatraemia. Early neurological symptoms are therefore of potentially grave significance. It seems to us, on reviewing the records, that in several cases the damage had been done before treatment had a chance to affect the outcome. In Case 15 (Table  IV) decerebrate rigidity followed repeated convulsions which started within an hour of admission to hospital. Prevention of hypernatraemia seems, therefore, to offer better prospects of reducing the incidence of brain damage than treatment of the established condition. In our first communication we commented on the importance of high fever, tachypnoea, and severe anorexia in the pathogenesis of hypernatraemia (Macaulay and Blackhall, 1961) .
These points are worthy of further emphasis. Any infant who is febrile and hyperventilating, whatever the cause, but especially if diarrhoea is present, needs more fluid than usual. The timehonoured allowance of 150 ml./kg. day represents the requirements of a healthy infant; in the circumstances mentioned, particularly in hot climates, it would not be excessive to offer twice this amount of fluid. If anorexia limits the intake steps must be taken to overcome this difficulty. Small frequent feeds-every 15 minutes if necessary-should be offered and some check made ofthe amount ingested. If the baby will not take the quantity of fluid he needs, tube-feeding or parenteral fluid administration must be resorted to. In this country this generally means that admission to hospital will be necessary.
The type of fluid offered is as important as the amount. 'The old ... practice of diluting feeding mixtures during illness should be revived' (Cooke and Ottenheimer, 1960) . If a mother is advised to give her baby 'salt and water', precise instructions about concentration as well as quantity should be given, preferably in writing. We have recently seen an infant with mild diarrhoea whose mother was told to offer salt and water in place of the usual feeds, and who arrived at the hospital unusually limp and unresponsive; his serum sodium was 163 mEq/l. Fortunately he made a good recovery, as far as we can tell at present, but he might have sustained serious injury. 'Normal saline', which is much too concentrated for feeding to small babies, contains only 5 g. salt per pint. A tolerable concentration would be one-fifth to one-tenth of this strength, i.e. 0 -5 to 1 g. to the pint (,600 ml.). Unfortunately domestic measures are quite unreliable for such small quantities. If an infant is to have solutions of electrolytes for administration at home the hospital practice of prescribing the fluid in accurately dispensed concentrations should be followed. In other words, these fluids, together with whatever drugs are ordered, should be obtained from a pharmacist.
Summary
An attempt has been made to determine the late effects of hypernatraemia in infancy by following up 122 children who were in hospital 1 j to 8 years previously and assessing their neurological condition. Of 100 who had no history of antecedent nervous disease, and who were traced, 16 were thought to have sustained brain damage; 8 were alive and 8 dead. Brain damage from hypernatraemia is probably of early onset in many cases, and prevention offers better hope of reducing its incidence than treatment of established hypernatraemia. Preventive measures are discussed.
